Summary.
The somites are metameric structures. Although these structures appear uniform, other types of muscles differentiate from them along the rostrocaudal body axis. This study investigated whether the somites are committed to producing level specific muscles by heterotopic transplantations between quail and chick embryos.
Our results were as follows: 1) Cervical somites, when transplanted into the thoracic or lumbar region, produced the ectopic ventral muscle mass characteristic of the cervical region. Cervical somites did not develop ribs or body wall muscles associated with the rib in the thoracic region. 2) Thoracic somites did not produce the ventral muscle mass at the cervical region, but produced ectopic ribs and muscles associated with them. These muscles were invested by graft-derived fasciae, but did not show the lamination of body wall muscles. Thoracic somites produced ectopic ribs in the lumbar region, but muscles associated with ectopic ribs showed normal lumbar lamination.
These muscles were invested by host derived fasciae. From these results, we propose that somites are committed to producing the level specific trunk muscles, but that the arrangement of the muscles is determined by the fasciae.
Somites are formed craniocaudally as metameric structures (BELLAIRS et al., 1986) . Although they look uniform, they differentiate into region specific structures of 5 subdivisions: cervical, thoracic, lumbar, sacral and caudal. Recent studies using quail-chick chimera have added new data about somite development. It was shown that trunk muscles and the skeleton originate from somites (CHEVALLIER, 1975 (CHEVALLIER, , 1979 CHRIST et al., 1983) . It was also shown that the fasciae of paraaxial muscles differentiate from the somite, but that fasciae of body wall muscles differentiate from the lateral plate (CHRIST, 1983; BAGNALL, 1989) . Ribs and vertebrae, which are somite derivatives, show different patterns among different levels. It was shown that somites are committed to differentiate into their proper patterns for the capacity to form ribs (KIENY et al., 1972; AoYAMA and ASAMOTO, 1988) .
Trunk muscles, which differentiate from the somite, also show different patterns among different levels (Fig. 1) . The muscle pattern refers to the shape and location of the muscles and the topographic relations of each muscle. The trunk muscles are divided into body wall and paraxial muscles; the latter are further subdivided into the dorsal, lateral and ventral masses in view of their location.
The aim of this study is to elucidate whether such a topographic pattern of the axial muscle is already determined in the somite. In other words, we wanted to answer the question, "Are somites already committed to form the characteristic patterns of muscles or not?" Attention was given to the pattern of the ventral muscle mass and body wall muscles because the ventral muscle mass is found only in the cervical region while the body wall muscles are found in the thoracic and lumbar regions. Since the fasciae enclosing the muscle are suggested to play an important role in the limb muscle pattern formation (LANSER et al., 1987) , we also paid attention to the relation between those muscles and fasciae whose origins differ between the paraxial and body wall muscles. farms were incubated at 3TC for 2-3 days for the embryos to acquire 7-32 somites (Stages 9-17 of HAMBURGER and HAMILTON, 1951) . Heterotopic transplantations of somites were carried out unilaterally on the right side of the embryo as shown in Table 1 . The heterotopic combinations were: 1) cervical somites into the thoracic or lumbar regions; 2) thoracic somites into the cervical or lumbar regions; and 3) lumbar somites into the thoracic region.
The unoperated left side was used as the control. In addition, orthotopic transplantations were performed as controls.
Chick embryos were used as hosts and quail embryos as donors. For preparation of the host, a slit was made with a microscalpel in the ectoderm just lateral to the neural tube of a chick embryo. The somites or the segmental plate were separated from the neural tube and the overlying ectoderm. The somites were then removed through sucking with a micropipette (AOYAMA and ASAMOTO, 1988) . Special care was taken not to damage the underlying endoderm. For preparation of the transplants, several of the most caudal somites or the segmental plate were isolated from quail embryos. Somites were marked by carbon particles to ascertain craniocaudal and lateromedial orientations, then transplanted. The number of removed somites did not always coincide with that of the transplants because the size of the somites differes among levels.
Chimeric embryos were fixed with Carnoy's solution on Days 11 or 12 of total incubation. Embryos which showed severe malformations at the operation site were eliminated. After evisceration, the specimens were stained in toto with 0.15-0.3% alcian blue (Chroma) dissolved in 70% ethanol at pH 2.5 for 10-30h. Specimens were rinsed in 10% acetic acid dissolved in 70% ethanol solution until the blue color of muscles faded away, and were cleared in chleosort. Skeletal and muscular patterns were observed on whole-mount specimens. The specimens were then embedded in paraffin. Horizontal sections of 7um were made serially. These were first stained with 1 alcian blue at pH 2.5 and then stained according to FEULGEN-ROSSENBECK (1924) to distinguish the graft from the host (LE DOUARIN, 1973) .
RESULTS
For clear discrimination of the muscle pattern, trunk muscles of the chick and quail classified into paraxial and body wall muscles (Fig. 1) . Paraxial muscles are subdivided into the dorsal, lateral and ventral masses after the modification by NISHI (1938). The ventral mass, which consists of M. longus colli vent ralis (BAUMEL et al., 1979) corresponds to the subvertebralis of mammals (ROMER and PARSONS, 1977) . The ventral mass is found only in the cervical region, where body wall muscles are not found. The lateral Table 1 .
Heterotopic combinations of each case of transplantation 1 whole extent of the segmental plate, 2 cranial half of the segmental plate, 3 caudal 1/3 of the segmental plate, 4 22th somite with small cranial part of the segmental plate, 5 cranial 2/3 of the segmental plate muscle mass is located around the transverse process, and is penetrated by ventral rami of the spinal nerves. In the thoracic region, the lateral mass is diminished in size and the dorsal mass continues to the body wall muscles without any clear demarcation; thus the lateral mass becomes unclear. Body wall muscles have 3 laminae (DEWET et al., 1967) . Patterns of the trunk muscles of chick and quail were found to be similar. Muscles attaching to the limb girdles were not counted as trunk muscles in the present study.
Transplantation of cervical somites into the thoracic region
Twelve chimeras were analysed after transplantation of cervical somites into the thoracic region (Table 1 , Fig. 2 ). Ribs were absent at the operation site, which was termed the costal gap by KIENY et al. (1972) . The ectopic ventral muscle mass had formed. On the other hand, body wall muscles were absent or diminished in size in the center of the costal gap. Thus, the body wall consisted of loose connective tissue, that is, vessels, nerves, small fragments of muscles, skin and fascia. We termed such a space a "muscle free space" (Fig. 2D ). The costal gap and muscle free space were found in all chimeras listed in Table 1 .
The ectopic ventral muscle mass expanded ventrolaterally and attached itself to the ventral surface of the transverse process and the vertebral body as in the normal cervical region (Fig. 2C) . Muscle fibers and fasciae of the ectopic ventral muscle mass were composed of quail cells. The cranial and caudal ends of the muscle were absorbed gradually into the lateral muscle mass or into body wall muscles. In case No. 9, the ectopic ventral muscle mass continued to the caudal end of the ventral muscle mass in the brachial region, and quail cells were also found in the pectoralis.
Transplantation of cervical somites into the lumbar region
Five chimeras were analysed after the transplantation of cervical somites into the lumber region (Table   Fig. 1. Schematic drawings of trunk muscles at the cervical (A), thoracic (B) and lumbar (C) regions. The trunk muscles are classified into the paraxial and body wall muscles (bw). The former are further subdivided into dorsal, lateral and ventral muscle masses (d, l and v) . In the cervical region (A), the dorsal, lateral and ventral muscle masses are located around vertebrae. The dorsal muscle mass attaches to the arch of the vertebrae, the lateral one to the transverse process, and the ventral one to the body of the vertebrate.
Body wall muscles are not found. g Spinal ganglion. In the thoracic region (B), body wall muscles appear and they have three layers. The ventral muscle mass disappears; instead, the ventral process (asterisk) in the upper thoracic vertebrae is observed. The lateral muscle mass becomes unclear (as indicated (l)), since the dorsal muscle mass continues to body wall muscles. The location of the rib (r) in the cross section is varied depending on the level. In the lumbar region (C), the transverse process has disappeared. In B and C, muscles attaching to limb girdles, innervated by the brachial or lumbar plexus, are indicated by dotted lines near the scapula (sc) or ilium (ii). 1, Fig. 3) . In all chimeras, the muscle free space and ectopic ventral muscle mass were developed. The body wall muscles adjacent to the cranial border of the muscle free space were chimeric. The muscle free space was demarcated caudally by the limb muscles. In case No. 12, quail cells were found in the rectus abdominas. The cranial part of the ilium was absent as shown by KIENY et al. (1972) .
Transplantation
of thoracic somites into the cervical region Nine chimeras were analysed after transplantation of thoracic somites into the cervical region (Table 1 ,  Fig. 4) . In all chimeras, the ventral muscle mass which characterizes the cervical region was absent or diminished in size. When the ventral muscle mass was absent (case No. 16, 17, 19) , a loose connective tissue mainly composed of quail cells occupied the space. In some embryos (5 out of 7 cases), a small ventral muscle mass composed of host cells were found. Some quail cells migrated caudally to differentiate into muscle fibers of the ventral muscle mass (case No. 19, 21, 22) .
The ectopic rib cage was formed when 3-4 successive thoracic somites were transplanted into the cervical region as demonstrated by KIENY et al. (1972) (case No. 16, 18, 19) . Transplantation of a single somite or two successive somites resulted in only an elongation of the costal process (case No. 17, 20, 21, 22) . The ventral processes of the cervical vertebrae developed normally even in the absence of the ventral muscle mass.
An irregular muscle mass which was associated with the ectopic rib cage or with the elongated costal process was formed as a continuation of the lateral muscle mass. The mass did not show the laminations of body wall muscles. The muscle fibers and fasciae were composed of quail cells. Distal tips of the ectopic ribs were often surrounded by the loose connective tissue which consisted of host cells. The topographic relation between the ectopic ribs and ventral rami of the spinal nerves was not constant; some ventral rami ran ventrally but others dorsally to the ectopic ribs.
Transplantation of thoracic somites into the lumbar region
Three chimeras were analysed after the transplantation of thoracic somites into the lumbar region (Table 1, Fig. 5) . In all chimeras, ectopic ribs and abdominal wall muscles differentiated from the graft. Around the ectopic ribs, muscles showed normal lumbar lamination. The fasciae associated with 3 muscle layers mainly consisted of host cells.
Transplantation of lumbar somites into the thoracic region
Three chimeras were analysed after the transplantation of lumbar somites into the thoracic region (Table 1, Fig. 6 ). In all chimeras, some ribs were absent or irregular in shape. These irregular ribs were originated from host somites. In such 'costal gap' areas, 3 muscle layers of the lumbar body wall developed; therefore, the muscle free space was not formed. The fasciae enclosing the muscles were mainly composed of host cells. The dorsal and lateral muscle masses were chimeric. The pectoralis was also chimeric at the level of transplantation, but other muscles of the scapular girdle and the wing muscles were made up of host cells.
DISCUSSION
In the present investigation, we obtained the following results by heterotopic transplantations of the somites (or the segmental plate): 1) Cervical somites (or the segmental plate corresponding to the prospective cervical somites) when transplanted into thoracic or lumbar region developed the ectopic ventral muscle mass but did not develop body wall muscles. Cervical somites transplanted into the thoracic region did not develop ribs, which resulted in the costal gap and the muscle free space. 2) Thoracic somites (or the segmental plate corresponding to the prospective thoracic somites) when transplanted into the cervical region did not develop the ventral muscle mass but developed ectopic ribs and an irregular muscle mass associated with these ectopic ribs. Thoracic somites when transplanted into the lumbar The cutaneous nerve (n) is also chimeric. These quail cells were thought to be neural crest cells which were migrating through the somites at operation. Table 1 .). A. Cross section at the level indicated by the dashed line in B (through the 10th vertebra). The ectopic ribs (er) are accompanied by an irregular muscle mass (im) on the operated side (left-hand side). The ventral muscle mass has not developed on the operated side and the loose connective tissue occupies the ventral space instead of the muscle (absence of ventral muscle mass: av). The ventral ramus of the cervical nerve (long arrow) is located dorsal to the ectopic ribs (er). qd Dorsal muscle mass made of quail cells, d host dorsal muscle mass. On the unoperated side, the host ventral muscle mass (v) and the cervical type of the transverse process (t) are observed. B. Cleared specimen showing the ectopic ribs. An irregular muscle mass (im) attaches to the ectopic ribs (er). The area, in which the ventral muscle mass is absent, is circled by white dots (av). C. The ectopic rib (er) and the irregular muscle mass (BOGUSCH, 1986; NODEN, 1986; LANSER and FALLON, 1987) . In the craniofacial region, muscles differentiate from mesoderm, and fasciae differentiate from the neural crest (NODEN, 1986) . NODEN (1986) suggested that fasciae provide spatial cues to direct the distribution and alignment of myogenic precursors, since the heterotopic transplantation of trunk somites formed normal craniofacial muscles. It was also suggested that fasciae determine the pattern of muscles within the limb (CHEVALLIER et al., 1977) . In the transplantation of thoracic somites into the cervical region, ectopic rib cages and irregular supernumerary muscles associated with ectopic ribs developed. These muscles may correspond to body wall muscles, but did not show the characteristic lamination of such. The supernumerary muscles were invested by fasciae which consist of quail cells. These quail cells may not have the information necessary for the lamination of body wall muscles because the fasciae of body wall muscles derive from the lateral plate (CHRIST et al., 1983) . In the lumbar region, body wall muscles differentiated from the transplant of the thoracic somite. The body wall muscles were invested by host cells, and showed the lamination of body wall muscles. These investing cells may come from the host lateral plate and carry information necessary for the lamination of body wall muscles.
In conclusion, the somite (the somitic mesoderm) is committed to form the level specific trunk muscles, but the arrangement of the muscles is determined by the fasciae.
